% % ost commercial products for snail
§ fiand slug control contain  either
: g metaldehyde or methiocarb as the
active ingredient', the residues of which are
not permitted in food crops in the United
States’. We have discovered that solutions of
caffeine are effective in killing or repelling
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- slugs and snails when applied to foliage or
' the growing medium of plants. Because caf-

feine is a natural product and is classified by
the US Food and Drug Administration as a
GRAS (‘generally recognized as safe’) com-

i pound’, it has potential as an environmen-

¢ tally acceptable alternative toxicant for the

control of slugs and snails on foed crops.

While fleld-testing caffeine as a toxicant
against an introduced frog pest that infests
potted plants in Hawaii, we discovered that
large slugs were killed by spray applications
containing 1-2% caffeine. To test whether
caffeine solutions could be used to remove
or kill large slugs that attack potted plants,
we allowed Veronicella cubensis (Pfeiffer) to
bury themselves in the soil in the pots, and
then thoroughly wetted the soil with a 2%
caffeine solution. After 3.5 h, only 25% of
the slugs remained in the soil; after 48 h, all
slugs had left the soil and 92% were dead.

We tested the effect of caffeine on slugs
in choice and no-choice feeding tests.
Leaves of ‘Napa' cabbage were dipped in
caffeine solution, drip-dried and then
placed in ventilated, 2-litre plastic contain-
ers (Fig. 1). In no-choice tests over a 4-day
period, the weight of cabbage consumed by
the siugs exposed to caffeine relative to
controls was reduced by 9, 19, 29 and 39%
for caffeine treatments of 0.01, 0.1, 0.5 and
2%, respectively.

Similarly, in choice tests over a 4-day
period, consumption of treated cabbage
leaves was reduced by —11, 62, 77 and 64%
for the same concentrations. However, total
cabbage consumption (that is, feeding on
treated and untreated Jeaves) was reduced
by 24, 24, 14 and 28%, respectively. We
conclude that slugs can discriminate
between treated and untreated leaves, and
that caffeine significantly reduces feeding at
a concentration of only 0.01%.

To test the effect of caffeine on snails,
we treated mature orchid snails { Zomitoides
arboreus (Say); about 3 mm in diameter)
topically with caffeine solutions in Petri
dishes and examined them under a dissect-
ing microscope to determine their heart
rates, One hour after treatment, the heart
rates of snails exposed to 0.01% caffeine
were raised, whereas those of snails treated

- with 0.1, G.5 or 2% caffeine were reduced
' {Fig. 2a). After 24 h, heart contractions
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Figure 1 Repulsion of siugs (Veromicefa cubsensis [Peifen)) by
cafleine-spraved leaves. Results pictured [clockwise, from top left
ars for no-choice treatments using 1.0. 0.1 and 0% caffeine, and
for a cheice test with © (eft lsaf) and 0.5% caffeine. Catfaing
treatment causes slugs to avaid the lealy parts of the cabbage.

were weak and irregular in snails treated
with caffeine concentrations of 0.1% or
more, and all snails treated with 0.5 or 2%
caffeine were dead after 96 h (Fig. 2b).

We then carried out two greenhouse
tests in which caffeine solutions were
applied to the growing medium of potted
orchids infested with Z. arboreus. In the
first test, 1 and 2% solutions of caffeine
were associated with 60 and $5% mortality,
respectively (control mortality averaged
10%). In the second, larger test, a 2%
solution of caffeine proved to be more
effective in reducing the presence of snails
than a solution of 0.195% metaldehyde, the
commercial standard for orchid-snail treat-
ment. Over 30 days, 3 snails were extracted
from the medium treated with caffeine,
whereas 43 and 35 snails were collected
from media treated with water {control)
and metaldehyde, respectively.

Although caffeine has been used to
study ion transport and the physiclogical
function of nerves and muscles in molluscs
and insects™, its toxicological effects on
shugs and snails have escaped attention.
Caffeine has been proposed as a potential
pesticide and pesticide synergist, but only
with reference to insect control™’.

We do not know how caffeine kills slugs
and snails. Physiclogical studies of mollusc
neurons indicate that it releases calcium from
internal stores, therebv increasing the dura-
tion of action-potential plateaus™. We found
that large slugs placed on loose soil and
spraved with a | or 2% solution of caffeine
responded with uncoordinated writhing; the
only survivors were the few that were able w
burrow into the soil soon atter treatment.

treatment

Aftgrj_gﬁ h

After 48 h

Figure 2 Effect of caffeine on the orchid snail Zonioiges arboreus
{Say). &, Heart rates before and after treatment with different
concentrations of caffeine, Bars (1eft to right in each set): 0, 0.01,
0.4, 0.5 2.0% solutions of caffeine. b, Mortaity induced by
higher doses of caffeine. Bars (g% to right in each sety: 0.1, 0.5,
2% solutions of caffeine. Error bars reprasent 1 s.e.m. Each treat-
ment of five snails on filter pager in @ Petr dish (three dishes)
invelved wetting the animais ane paper with 1 mi saffeine solution
or distilled water (controf). Heart rates of snails in the same dish .
were averaged before ANOVA. Tre proportion of snals that died in -
sach tish were arc-sine transformed™ before analysis, excluding |
contral dishes and those centamng 0.01% caffeine, in which no
snails died. Within each time pariod and test, results labslled with
ihe same lettests) are not significantly different (e=0.03, Tokey's
HSD; ref.13), Farther details are available from the authors,

We anticipate that, in an agricultural
environment, slugs and snails will be more
susceptible to contact poisoning from caf-
feine than other animals such as arthro-
pods. This is because caffeine is highly
soluble in water'', an important component
of the mucus produced by the locomotive
‘foot” of molluscs.

In preliminary trials, we found that 2%
caffeine does not damage the foliage of
Dracaena, Anthurium, palms or orchids,
but that it causes leaf yellowing on ferns, |
bromeliads and lettuce. This damage could
be ameliorated by mixing caffeine with an
appropriate agricultural polymer, which
could also increase the water resistance of |
sprav residues. !
Robert G. Hollingsworth™, ‘
John W. Armstrong*, Earl Campbell: ‘
* S Pacific Basin Agricultural Research Center,
USDA-Agriciltural Research Service, PO Box 4435,
Hilo, Bawaii 98720, USA
e-mail: rholling@pbarc.ars.usda. gov
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iEarI'y-pregnancy origins
of low birth weight

ow birth weight is a significant cause of

morbidity and mortality among new-

borns, and may result from impaired
placental function during the first trimester
of pregnancy'. Here we show that the risk
of delivering a low-birth-weight baby at
term after an uncomplicated pregnancy
varies with maternal circulating concentra-
tions of a placental protein, pregnancy-
associated plasma protein-A (PAPP-A) in
the first 10 weeks after conception. Poor
fetal growth may therefore already have
been determined by the time obstetric
monitoring begins after completion of the
first trimester.

PAPP-A acts as a protease on the binding
proteins of insulin-like growth factor
(IGF)” and may therefore increase the
known stimulatory effects of placental
IGFs'. Circulating concentrations of PAPP-A
increase during the first three months of
pregnancy, and this protein is Thighly
expressed in trophoblasts®. We therefore
investigated a pessible link between the
birth weight of a baby at term and maternal
levels of PAPP-A during the first trimester.
We determined the specificity of associations
with PAPP-A by comparing it with the
free $-subunit of human chorionic
gonadotrophin (B-CG), another tropho-
blast-derived protein whose circulating
levels change in the first trimester® but which
is functionally unrelated to the IGF system.

As part of a prospective, multicentre,
non-interventional cohort study, we obtain-
ed serum from 4,288 women at 8-12
weels of gestation (dated by ultrasound,
equivalent to 6-10 weeks after conception),
who ulimately had uncomplicated singleton
pregnancies and delivered normal, live
babies at full term. We had complete data for
these women on maternal age, parity, height,
body-mass index, race and smoking status.

Serum levels of PAPP-A and free B-CG
were measured using a Krvptor immune-
assay analyser (Brahms Diagnostica} and
converted to multiples of the appropriate
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Figure 1 Asscciation between pregnancy-associated plasma
protein-A [PAPP-4), birth weight at 38—41 weeks of gestation and
tirming of lbour at full term. a, Everitual birth waight plottec aganst
PAPP-A multiples of the median (MOM; on a log,, scale) from &
lingar regression anatysis. Curves (from bottom to tap) represent
gastational agas of 38, 39, 40 and 41 weeks. Goefficients (5%
C)) for change in birth weignt associated with a one log,q unit
change in PAPP-A MOM: 38 weeks, 380 {209-552); 39 wesks,
231 (113-349); 40 weeks, 196 (104-288); 41 weeks, 221
{112=331); P<0.0001 in each case. Goefficients were virtually
unchanged after adjusting for age, parity, body-mass index, height,
smoking status ang race. b, Cumulative hazard {Nelson—Aelen
cumulative hazarg function'™) of spontaneous fabour on each day
of gestation at full term, cornparing the lowesi {top curve) and
highest [pottarm curve) quintiles of first-trimesier PAPP-A MOMs.
Lnivariate comparison, £=0.0003 {log rank test).

gestational median (MOM), corrected for
smoking status” and maternal weight'.
There was a greater proportion of low-
birth-weight infants (under 2,500 g) deliv-
ered to women with a first-trimester PAPP-A
concentration in the lowest 3% {9 out of 201,
4.5%) compared with other women {65 out
of 4,087, 1.6%; P=0.002). Using multivari-
ate Jogistic regression (adjusting for maternal
height, race, body-mass index, smoking
status and elective delivery), a one log,, umnit
increase in first trimester PAPP-A MOM
(roughly equivalent to the range from the 1st
ta the 99th percentile)] was associated with an
80% reduction in the risk of a low-birth-

weight baby (adjusted odds ratio, 0.2; 95%
Cl, 0.1-6.6; P=0.002). In contrast, there was
no significant independent relationship in
the case of free B-CG {adjusted odds ratio,
0.6; 93% C1,0.2-1.3; P=0.17].
The factors that determine variation
birth weight are fetal growth and the dura-
tion of pregnancy. We examined the rela-
tionship between PAPP-A concentration and
fetal growth using multipie linear-regression :
analysis, and identified a strong, positive !
correlation between first-trimester levels of |
PAPP-A and eventual birth weight at 3841
weeks of gestation (Fig. la). There was no
strong association between free §-CG levels
and birth weight at the same gestational age.
The relationship between first-trimester
concentrations of PAPP-A or free 3-CG and
the timing of labour at full term was deter-
mined using time-to-event analysis’. Vaginal
delivery after non-induced labour was taken
as the event and all other modes of delivery
were treated as censored. Lower concentra-
tions of PAPP-A during the first trimester
were associated with an earlier onset of
spontaneous labour at full term (Fig. 1b).
In a multivariate proportional hazards
model, there was a strongly additive and
inverse relationship between levels of
PAPP-A and free B-CG, and the likelihood
of spontaneous labour on any given day of
gestation at full term {adjusted hazard ratio
for a one log,, unit change in MOM (95%
CI): PAPP-A, 0.81 (0.69-0.96}, P=0.003;
free B-CG, 0.79 (0.69-0.91), P<0.001).
The association between PAPP-A levels,
fetal growth and the timing of labour is
biclogically plausible, as PAPP-A is highly
expressed in first-trimester trophoblasts®
and may be responsible for activation of
IGFs. Qur results indicate that the risk of
delivering a low-birth-weight baby at full
term may be determined by the placental
activity of IGFs in very early pregnancy.
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